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ABSTRACT
Background: Febrile seizure is the most common childhood neurological disorder, is an important
health problem with potential short- and long-term complications, also leading to economic burden and
increased parental anxiety about fevers and seizures occurring in their children. There are no routine
recommendation to detect etiological causes of FS for neurological perspective, further knowledge
about the etiological causes of FS in children will support preventive measures and follow-up strategies.
The aim of this study is to evaluate the percentage of respiratory viruses in children with FS.
Methods: This prospective multicenter study, entitled “Viral etiological causes of febrile seizures for
respiratory pathogens (EFES Study)” examined representative populations in eight different cities in
Turkey between March 1, 2016 and April 1, 2017. Nasopharyngeal swabs were taken from all children
at presentation. A respiratory multiplex array was performed to detect for influenza A and B; respiratory
syncytial virus A and B; human parainfluenza virus 1-2-3 and 4; human coronavirus 229E and OC43;
human rhinovirus; human enterovirus; human adenovirus; human bocavirus; human metapneumovirus.
Results: During the study period, at least one virus was detected in 82.7% (144/174) of children with FS.
The most frequently detected virus was adenovirus, followed by influenza A and influenza B. Detection
of more than one virus was present in 58.3% of the children with FS, and the most common co-existence
was the presence of adenovirus and influenza B. In children younger than 12 months, Coronavirus OC43
was the most common, while influenza A was most frequently observed in children older than
48 months (p < 0.05). Human bocavirus was common in children who experienced complex FS, while
respiratory syncytial virus (RSV) A was more common in children who experienced simple FS. Influenza B
virus was the most common virus identified in children who were experiencing their first incidence of FS
(p < 0.05).
Conclusions: This study indicates that respiratory viruses are important in the etiology of FS in children.
The results show that antibiotics must be prescribed carefully in children with FS since the majority of
cases are related to viral causes. Widespread use of the existing quadrivalent influenza vaccine might be
useful for the prevention of FS related to the flu. Further vaccine candidates for potential respiratory
pathogens, including RSV, might be helpful for the prevention of FS.
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Introduction

Respiratory tract infections are the most common childhood
infectious diseases worldwide and are often related to anti-
biotic prescriptions.1−3 Treatment requires hospitalization and
can lead to lost time at day care centers or schools for the
children, lost time at work for the parents, and high economic
burdens.2−5 Due to these disease and economic burdens,
respiratory tract infections are an important target for both

new and current vaccines. Immunization could reduce the
number of bacterial infections that need antibiotics, and
reduce the number of viral infections for which antibiotics
are unnecessarily given.6 After the widespread use of pneu-
mococcal conjugate vaccines, invasive and mucosal pneumo-
coccal infections decreased.7−9 Tri-valent and newly launched
quadrivalent influenza vaccines are immunogenic in children
and have a potential to reduce influenza infections and related
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complications in children as well as in adults.10−12 Respiratory
syncytial virus (RSV) is an important cause of respiratory
infections in children. RSV is also an important vaccine can-
didate; there are numerous vaccine studies available, but no
licensed vaccine is available yet.13,14

Febrile seizure (FS), the most common childhood neurolo-
gical disorder, is defined as a seizure event that is associated
with fever in a child without a history of previous afebrile
seizures, central nervous system (CNS) infection or inflamma-
tion, acute systemic metabolic abnomralities, and/or other
acute symptomatic events.15−24 Viral infections are commonly
identified in association with FS, and human herpes virus-6
(HHV-6) and influenza infections are mainly reported cause of
FS due to high fever during these infections.19−21 Other viruses
might be related with FS, however there are no relationship
with viruses and complexity of the seizure course.15−24

Within the age range of FS, children are vulnerable to these
common respiratory tract infections and are potential targets for
new and current vaccines. With the development of new mole-
cular laboratory methods, the aim of this study was to evaluate
respiratory viruses in children who were admitted with FS and to
compare positive results between age groups, hospitalized and
ambulatory children and also between simple and complex FS.

Results

Patient’s demographics and clinical features of febrile
seizure

Between March 1, 2016 and April 1, 2017, 192 consecutive
children with FS who were admitted to emergency units
from eight cities were evaluated. Of these, 174 (101 male
and 73 female) children between 2 and 60 months were
eligible for further analysis (median age was 25 months).
Furthermore, 102 out of 174 (58.6%) children were experi-
encing their first FS episode, and 41.4% of children (74/174)
had a history of recurrent seizures. In addition, 69.5% (121/
174) of seizures were classified as simple FS and 30.5% (53/
174) were described as complex FS. The presence of positive
family history for febrile and/or afebrile seizures was 36.2%
(63/174) and 10.3% (18/174), respectively. Eighteen children
(10.3%) attended day care center. Peak body temperature
varied between 36.2°C and 41.1°C. The mean interval
between onset of fever and seizure was 5.70 ± 8.4 hours.
The final diagnosis was upper respiratory tract infection in
140 children (80.4%) and lower respiratory tract infection
(15%), with 40.8% of the 174 children requiring hospitaliza-
tion. Demographic and clinical features are summarized in
Table 1.

Microbiological analysis
During the study period, at least one virus was detected in
82.7% (144/174) of children with FS; further analysis was
performed on this group. Among the positive samples for
viruses, 41.6% of samples included one virus (n = 60), two
coexisting viruses were detected in 31.3% (n = 45), three
coexisting viruses were detected in 20.8% (n = 30), four co-
existing viruses were detected in 4.8% (n = 7) and five co-

existing viruses were detected in 1.4% (n = 2) (Please see
Table 2).

Among positive samples for viruses, we detected 264
viruses in 144 nasopharyngeal samples; the most frequently
detected virus was adenovirus (55.5%). Influenza was detected
in 47.2% of samples: influenza A (24.3%) and influenza B
(22.9%). RSV was detected in 16% of samples; RSV B was
detected in 9.7% of all positive samples and RSV (A and B)
was detected in 6.25%. The percentage of positive tests for
each sample is shown in Figure 1. Influenza B was the most
commonly identified virus in children who presented with
their first febrile episode (p < 0.05). Although the results
showed no significant difference in mean peak body tempera-
ture, enterovirus was the most common virus in children who
experienced FS within 7–12 hours following the onset of fever
(p < 0.05).

According to the data, 40.8% of the 174 children required
hospitalization. The ratio of hospitalization was not different
in children who had one or more viruses isolated (p > 0.05).
None of the viruses were found more frequently among
hospitalized children than ambulatory children (p > 0.05)
(Figure 2).

We evaluated respiratory viruses distributions according to
the following age groups: 1–12 months, 13–24 months,
25–36 months, 37–48 months and 49–60 months.
Coronavirus OC43 was more common in children younger
than 12 months, and influenza A was more common in
children older than 48 months (p < 0.05). For other viruses,
there was no statistically significant difference between the age
groups (Figure 3).

The statistical analyses revealed that RSV A was more
common in children with simple FS, and the human boca-
virus (HBoV) was more common in children with complex FS
(p < 0.05) (Figure 4). Influenza infection have been mainly
seen in autumn/winter and RSV infection have been seen
mainly in winter and spring. For other viruses there are no
seasonal differences.

Discussion

In this prospective multicenter study in Turkey, at least one
respiratory viral agent was found in 82.8% of children with FS;
adenovirus, influenza virus A, and influenza virus B were the
three most commonly found. There is no routine recommen-
dation to detect etiological causes of FS for neurological

Table 1. Demographic and clinical findings in children with febrile seizures.

Gender n(%) 101 boys, 73 girls (58/42)
Age (mean ± SD; min-max) 27.5 ± 16.0 months (2–60 months)
Type of febrile seizure n(%)
Simple 121 (69.5)
Complex 53 (30.5)
First febrile seizure n(%) 102 (58.6)
Recurrent febrile seizures n(%) 72 (41.4)
Family history of febrile seizures n(%) 63 (36.2)
Family history of epilepsy n(%) 18 (10.3)
Causes of fever
Upper respiratory tract infections 140 (80.4)
Lower respiratory tract infections 26 (15)
Other infections 8 (4,6)
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perspective, further knowledge about the etiological causes of
FS in children will support preventive measures and follow-up
strategies. There are contradictory and limited results about the
viruses, upper respiratory tract infections, and FS in children in
developing countries, including Turkey. Previous studies
showed a relationship between viral infection and FS, but
reported different percentages of prevalence among the sam-
ples studied.20−25 Chiu et al.25 reported that the risk of devel-
oping FS following an influenza A infection was higher than
after other respiratory viruses. Pokorn et al.24 studied respira-
tory viruses in 192 children with FS; respiratory virus was
detected in 63.5%, with adenovirus, influenza, and rhinovirus

the most commonly found viruses. A retrospective study done
in Hong Kong with 923 FS patients showed that the influenza
virus was detected in 17.6% of cases.22 Francis et al.’s26 study
showed that viruses were detected in 71% of patients, with
rhinovirus found to be the most common. A comparative
study researched the relationship between the presence of five
common viral infections and the relative risk of developing FS
and seizure recurrence. The risk of developing FS was found to
be similar among infections of influenza, adenovirus, or para-
influenza, but the risk of FS was lower with RSV or rotavirus
infections.22 The differences among these studies could be
explained by the different laboratory methods used in the
research. The development of new laboratory techniques in
recent years has advanced the detection of new respiratory
pathogens, such as human metapneumovirus, human corona-
viruses, human bocavirus; as a result, the rates of identified
respiratory viruses have increased.27 In our study, with the
multi array test, adenovirus was found in 55.5% of the children
with FS, alone or combined with other respiratory viruses.
Clinicians should kept in mind that majority of FS cases are
due to viral causes, for this reason, routine antibiotic prescrip-
tions is not necessary for all cases, and could be prescribed in
selected cases with clinical findings.

In our study, influenza A and B were detected in 47.2% of
all positive samples, alone or combined with other viruses.
Influenza infection is an important public health problem
worldwide among children and adults. It might be an impor-
tant cause of admission to emergency care units and, due to
the potential high fever complaints, FS might be seen during
the course of the flu.12,20,21,25 Influenza infections might also
be related to different neurological complaints.20,21 Influenza
vaccines are recommended for all children aged 6 months to
18 years and should be taken every influenza season, prefer-
ably in October in northern hemisphere.12 Due to changing
and dynamic patterns of influenza A and B subtypes, quad-
rivalent influenza vaccines (including two influenza A and
two influenza B subtypes, according to the previous year flu
activity) have been evaluated in infants and approved/recom-
mended in infants.10−12 Trivalent and quadrivalent influenza
vaccines are available in Turkey for private practices; however,
vaccine coverage rate was low in this study period, especially
in children with previous neurological conditions.28 In this
study, influenza A and B were higher in children with FS,
especially in the 48–60-month age group. Also, the influenza
B virus was the most common virus identified in the children
in the study who were experiencing their first incidence of FS.
The age interval of children with potential risk for FS,
6 months to 5 years, is the appropriate age for the influenza
vaccine which is recommended all children above 6 months.
RSV is another important cause of respiratory tract infections
and related morbidity, hospitalizations and mortality, mainly
due to pneumonia.13,14 In our study, RSV was mainly related
to simple FS. Influenza vaccines and potential RSV vaccines
would have the chance to reduce the FS risk. In Turkey, after
widespread use of live attenuated varicella vaccine in the
national immunization program, varicella-related FS has
been significantly decreased in vaccinated children, compared
with the pre-vaccine era.29 Therefore, potential vaccines for

Table 2. Most frequent virus(es) detected in children with febrile seizure.

Adenovirus 11.1% (16)
Influenza A 8.3% (12)
Enterovirus 7.6% (11)
Adenovirus + Influenza B 5.5% (8)
Influenza B 4.8% (7)
Parainfluenza type 3 + Adenovirus + Bocavirus 4.1% (6)
Rhinovirus 3.4% (5)
RSV B 2.7% (4)
Enterovirus + Adenovirus
Adenovirus + Influenza B
Adenovirus + Influenza A + Influenza B
Adenovirus + Influenza A + RSV B
Parainfluenza type 2 2.0% (3)
Parainfluenza type 2 + Adenovirus 1.4% (2)
Influenza A + Influenza B
Enterovirus + RSV A
Adenovirus + Rhinovirus
Adenovirus + RSV A
Adenovirus + RSV B
Adenovirus + Coronavirus OC43
Adenovirus + Coronavirus 229
Bocavirus + Rhinovirus
Adenovirus + Rhinovirus + Coronavirus 229
Adenovirus + RSV A + RSV B
RSV A 0.7% (1)
Parainfluenza type 3
Coronavirus OC43
Parainfluenza type 2 + Parainfluenza type 4
Parainfluenza type 3 + Adenovirus
Parainfluenza type 4 + Adenovirus
Adenovirus + Bocavirus
Influenza A + Bocavirus
Parainfluenza type 3 + Human metapneumovirus
Parainfluenza type 4 + Rhinovirus
Enterovirus + Rhinovirus
Influenza B + Rhinovirus
Influenza B + Coronavirus 229
Parainfluenza type 3 + Adenovirus + Influenza B
Adenovirus + Influenza A + Bocavirus
Influenza A + Influenza B + Bocavirus
Parainfluenza type 3 + Influenza B + Coronavirus OC43
Enterovirus + Adenovirus + Rhinovirus
Adenovirus + Influenza A + Rhinovirus
Adenovirus + Influenza B + RSV B
Influenza B + Bocavirus + Rhinovirus
Adenovirus + Rhinovirus + Coronavirus OC43
Adenovirus + RSV A + Human metapneumovirus
Parainfluenza type 3+ Adenovirus + Influenza + Bocavirus
Adenovirus + Influenza A + Influenza B + Bocavirus
Parainfluenza type 3+ Adenovirus + Bocavirus + Rhinovirus
Parainfluenza type 3+ Adenovirus + Bocavirus + Coronavirus

OC43
Adenovirus + Influenza A + Influenza B + Coronavirus OC43
Adenovirus + Influenza B + Bocavirus + Rhinovirus
Adenovirus + Influenza A + RSV A + Human

Metapneumovirus
Parainfluenza type 2 + Adenovirus + Influenza A + Rhinovirus

+ Human metapneumovirus
Parainfluenza type 3 + Adenovirus + Bocavirus + Rhinovirus

+ Coronavirus OC43

498 K. B. CARMAN ET AL.



respiratory pathogens related with FS might be helpful to
control FS and related conditions.

We found human bocavirus in 13.2% of all positive
samples, mainly combined with other viruses. Human boca-
virus was first identified in 2005 and was previously
detected in 9–10.4% of children with FS.24,26 In our study,
human bocavirus is mainly detected in children with com-
plex FS; however, human bocavirus has been detected with
other respiratory viruses and it is difficult to explain com-
plex FS with only this pathogen. Further studies on the
neurological consequences of bocavirus in young children
are needed.

In this study, in children younger than 12 months,
Coronavirus OC43 was significantly common comparing the
other age groups. A prospective study that observed the role
of human coronavirus in children with FS showed that the
largest proportionate relationship was found between corona-
virus and FS. Coronavirus OC43 was found in 6.94% of
patients in our study. Francis et al.26 also reported human
coronavirus in 9% of children with FS and found that the
OC43 type was the most commonly found strain, like our
study.

Our study had some limitations. Children who applied
with a complaint of fever but did not have a seizure were

Figure 1. The percentage of positive tests for each virus in children with FS.

Figure 2. Comparison with the number of ambulatory and hospitalized children with FS for the respiratory viruses.
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not taken as a control group. Our enrollment period includes
only one year, and could not detect seasonal variability for
viruses in years. Some viruses are postulated to be more
neurotropic and more important in the causation of FS,
studies in which both nasopharyngeal swabs and lumbar
punctures (when available, lumbar puncture have been per-
formed in 6.8% of cases in our study) are performed might
provide additional valuable findings. In this multiplex respira-
tory assay, we did not evaluate whole pathogens and we did
not perform standard culture method. HHV-6 has been pre-
viously described as an important cause of FS, however in this

study, our aim is to to evaluate respiratory viruses, and we did
not evaluate HHV-6 infection. Notwithstanding these limita-
tions, our study is an observational field study and this assay
is practical, less expensive and less complex, for this reason
suitable for clinical condition like FS.

In conclusion, this study demonstrates that respiratory
viruses are important in the etiology of FS in children and the
results show that antibiotics must be prescribed carefully in
children with FS. Adenovirus, influenza virus A, and influenza
B were the three viruses most frequently found in our sample of
children with FS. Widespread use of existing quadrivalent

Figure 3. Respiratory viruses distributions according to the age groups. Blue arrows showed that Coronavirus OC43 was more common in children younger than
12 months, and influenza A was more common in children older than 48 months (p < 0.05).

Figure 4. Respiratory viruses distributions between simple and complex FS (Blue arrow showed that RSV A was more common in children with simple FS, and the
human bocavirus was more common in children with complex FS (p < 0.05); FS: febrile seizure, RSV: respiratory syncytial virus).
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influenza vaccines might be useful for the prevention of FS as
well as other complications related with influenza. FS is an
important problem for families and the recurrent and complex
nature might be related to long-term consequences, such as
epilepsy.19,30 Further vaccine candidates for potential respira-
tory pathogens might also be helpful for the prevention of FS.

Material and method

This prospective multicenter study, entitled “Viral etiological
causes of febrile seizures for respiratory pathogens (EFES
Study)” focused on eight different cities between March 1,
2016 and April 1, 2017. We selected these cities as represen-
tative locations within Turkey. The study was approved by
Eskisehir Osmangazi University’s Local Ethical Committee
and has been supported by a research grant from Eskisehir
Osmangazi University. Written informed consent was
obtained from the parents of all children.

At each site, all children with seizures were evaluated and
children with FS were enrolled over this one-year period. FS is
defined as a seizure event that is associated with fever in a
child without a history of unprovoked seizure, CNS infection,
electrolyte imbalance, and/or other acute symptomatic events.
FS is classified as simple if it was generalized, occurred only
once within 24 hours, and lasted less than 15 minutes. FS is
classified as complex if it persisted for more than 15 minutes,
was focal, or recurred within 24 hours.16,17 Exclusion criteria
were defined as age older than 60 months or below one
month, children diagnosed with meningitis or acute sympto-
matic convulsions that presented with fever, children who
received any childhood vaccine within 72 hours and children
whose parents did not want to participate in the study.

Previous medical history and demographical features of all
children were recorded. Previous seizure history and family
history were evaluated. Detailed physical examinations have
been performed, including neurological examinations. Day
care attendance, were asked about and noted. The final diag-
nosis, whether hospitalization was required, and the duration
between the onset of fever and seizures were also recorded.

To detect the presence of respiratory viruses, nasopharyngeal
swabs of all children were taken at admission. Prior to nucleic
acid extraction, swab samples were transported in a suitable
transport container and were stored at −20°C, according to
the manufacturer’s instructions. Nucleic acid (DNA and RNA)
was extracted from nasopharyngeal samples using the Qiagen
MineElute Virus Spin Kit (Manchester, UK), according to the
manufacturer’s instructions. A 5 ml aliquot of each nucleic acid
extraction was tested with the Respiratory Multiplex Array
(Randox Laboratories, UK), based on a combination of multi-
plex PCR and biochip array hybridisation, for the detection of
22 viruses (influenza A and B; respiratory syncytial virus A and
B; human parainfluenza virus 1-2-3 and 4; human coronavirus
229E and OC43; human rhinovirus A/B; human enterovirus A/
B/C; human adenovirus B/C/E; human bocavirus 1/2/3; human
metapneumovirus; and bacteria (Chlamydia pneumoniae,
Legionella pneumophilia, Haemophilus influenzae, Bordatella
pertussis, Streptococcus pneumoniae, Moraxella catarrhalis, and
Mycoplasma pneumoniae). In this study, we evaluated positive
results for viruses only.

Statistical analyses were performed using SPSS version 10.0
software (SPSS, Inc, Chicago, IL). The data of FS duration and
body temperature that appeared to follow normal distribution
was analyzed using One-Way ANOVA, and the results were
expressed as mean and standard deviation (SD). The categor-
ized variables were analyzed with the Chi-square test. A p
value of less than 0.05 was considered significant.
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